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(57) Abstract 

PROBLEM TO BE SOLVED: To directly join a flow 
channel substrate and an electrode substrate with 
high-reliabflity. 

SOLUTION: Both the flow channel substrate 1 equipped 
with a diaphragm 10 and the electrode substrate 3 
equipped with an electrode 15 consist of a siScon 
substrate. An insulating film 20 is formed by grinding 
an electrode side surface of the Diaphragm 10 of the 
flow channel substrate 1. The flow channel substrate 1 
and the electrode substrate 3 are directly joined. 
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(54) \m\0>&m 8E«ttfcH^v FRtPE-<OSyfc«* 



(57) 

[Ml] wc»flWttrB»Bte*ae£#«-e*&i,>. 
[ ] mm i o *k wfcaasss 

o . Mii i ©jss&« i o ©asflj®* w«mx t r 




> y ^ ym&<DKM<tmm&pm*&®mLmz& 
c om-is y 3 >m&<Dmim p m^mmnmrnm^ 

fwesn— i> y ^ >s«<Di^^jg p ffiRKMfctui £ Mia 

mx^ y a >»«i» o 6 mem— is y ^ 

& 

^-rsxn^ 

c corn-is y ^ >s«cd^^ p ^tt«5i£«js^®tc 
«bb»— ^ y n P w?mwffim%ffiK. 

sw2ss— ^ y ^ >s^©^^g p mymtmmm <t we 
m~is y n >s«ifeD^t>^6n/cm-^ y =2 

Iff- > y 3 >S«KD>tM(c*«S P3£?W*ttHMK*g 
«rSB»— V y ^ P 3R3&MCfM9£lffiK: 



(2) ^20 02-9648 0 

2 

buib^-^ y 3 >*«©waftPSE^F«»aiMBi«re 
£y^# yfl^ttx v r^vijxmemmz&tfrtrz 

10 c ©stt«££<asoe£ ?«ci r mm sx)v&hm 

luiais-^.y =j >*«©w«apsL^«*ifiWiifflrsB 
> y ^ >s« t u «3 6 > y n 

a. 

30 is— > y 3 >o«co jt«K«iue pit^«S(1^0 

y 3 >S«©K«SP^»ftS£tfeJBaM«: 

mfiBm— > y 33 >s^cd^^ p ^7M«9ttKii t mm 

40 S. 

0-^> y n >»«<D>t«JcK«ff PfflW«atBOB«:* 

^■r^x^<h, 

c <Dm- is y n >s«<D^its p ^femmmwrnsc 



3 

t. 

m^m&ts. pwmmffimzwmir 5x1 t % 
wsaar-v y a ^mm.<omm. p m^mmm 4 mm 

C O^Jfclg feXfiSHB £ £ 5 1 4 TfTIB -/ X;U 6 « 
/&1T5X14, 

si, ciDBisaPM^^twi^fflcc^M^^ 
-<r5xi4, 

mrfam-^ y =j >g® i«a*R»fc»- 5/ y >s« 
m—zs y =3 >s«i» o ^M^n/ci-^ y =* 

XSi*^t*Ci£«»iTS««ttffi^* FOSSBS* 
[gf*®8] «S^ttttif SyXJPi, CCD./'XiUtf 

jBi-rssai, c©«s©sffi*^fiw^saft«i. 
> y n >*«©^«cciK«a:PM^«»i£«JB*je 

fi£T5X14. 

c©^-^> y 3 >»«©w^psaw»st»«*®o 

■iri2#—> y 3 p £tf^&t^5t®fc 

4, c©SigKP^iK^tSUiaMK:ilfe»M*^-r 
5X14, 

*ra2»—> y =( >a*i«i*swfc»rs/ y a >ss ■ 

4£ffig&^tJ:9&9i^fei*5X14. 

y =z >s«i« o ^fe-e 6 titcm-zs y ^ >ss 

ISi*TOCi*Wi««»tUII^» FOWBET 
S. 

[tt^ig] *ia*ttfflr^> r x^i % c<dsxjv& 
c <DS8Mg*s:fiBeg * ^ if s c 4 -cioia -/ X)\>is> e> r 

m-zs y 3 >SS<D>5-®Jtcl^iftKPM^B«jklfeJS^^ 
J&T5X14, 



(3) &m 2002-96480 

4 

c<om—u y ^ >s«©^i^p^«w;fWi^M<c> 

BaiB0-e> y n >ss©WiftSPS^»»ffl;fSt»*ffi«c 
£R3 titc > y 3 > - #n BHfc-r 5X1 4 % 

C<Dis y n >- >^«©»{fc» «tt£T 511 
4, 

«r^w«ffips^w»at»®*w*-r5x@i. cow 

P &FMMttRJ»iB «BW 511 4 . 

«b»— v y 3 >awEi«*RWfc»— y >s« 

io 4*i£&«£KJ:DifcD^:bif5X14, 

j&x-> y ^ >s&4 & o 6 htcm—y y ^ 
*y*a y a^rttx ? 9->?Lxm%zwm&*Bf&?2> 

[R3R3110] Ra^ttfflrS^X^i. C©^X;l/ 
4. C©fiS6«^fit^^$i±5C4*CmriB^X;l/^ 

20 y n >»«<oit«^ w«aps^«*ffi;iWB*« 

4, 

y 3 >««<DiK«KP^««a;tSUB*ffio 

^•^ y n > - **n ^&&m zmit otcmzv 

awa»-^ y ^ >s«4«a*Rwyfc»ni/ y ^ 

4%i[»«^CC<fcDtt0^*>'&^X3g4. 
30 'J 3>*«ittD^6nfc»- *>yn>3g« 

XS4*4bCi%!|^4T**i»ttm^7 F<D«ffi* 

a. 

4, C©«*S*Kffia?B*$-&5C4"CWffi>XjU*> 
40 ^T5XH4. 

c<om— ^ y 3 >^«oKigs:PS?^«iB5S:tJw^fficc) 
luia^tis PM^6^^^aoitc^^$ n^: > y n > 

4. 

ps^*fi!»a»ffi* w*-r 5xi 4 , c 
«KPffl^^adM*ffi«cis»jB^^iar 5xi4 . 

4 *ifi««^CC <t 0 1* 0 ^*>tt 5X1 4 . 

so ^x^y3>s«4teo^to-t±6nytm-^y=i>s« 



i 2 ] m&mi im i i ©c>r*i3fo«:K«© 

[«*B1 3] »3WB7 7iSl 2©^rfta>K:iB»© 

a. 

[ItsRS 1 4 ] KH7 TbM 1 3©lvrftjfrfCiB4IM> 
ima = 0. 5nm*a*fct»C£«*«±T3* 

[M^i i 5 ] m&m 1 75s 1 4<Di<>-rtifrtc&i<D 

•7 F«***ffi. 

1 6 ] ftftl 1 1 5©l*rti*>5Cga«<D 20 

mwtotm^v F©iet*aK:*ji>T, frtsif^x^r 

F<WK6*& 

[ifera i 7 ] it 1 i 6 ©n-rtuwcEn© 

SMttB^v F©«JS*S«:*yc*r. fjfsif^xfir 

attttj^!? F<D«»*a. 

fo* etc* fern—ass t m$zmm&mt tm-<omx& c » 

*Stiro&ci*««i-rs«aW:lH^9 F. 

[ M^g 1 9 j mag 1 8 ccffittoaaeittffl^ * f *c 

F. 40 
[»*3B 2 0 ] Mftftl 1 8 Xtt 1 9 tefS$g(D&?gn±fcB 

F. 

[»##2 1 ] IM&B1 8 7^M2 0Ol»m*«Cffij« 

&mm-?zmm±. c<omm.<oma%m^-r^&w& so 



&m2 002-96480 
6 

6 & 0 J^fflfiftix $ ft fe P M^ffcgJftffcJg «r 

ate-rsasttui^* Fo 

[»3fcE2 3 ] »3J392 2 fcS2«©«»!±ffl^ » Ffc 
[ m>m 2 4 ] Htsffg 2 2 Xtt 2 3 Kit Big©a^R±tb 

«i-r*«attflB^^ F- 

C»*S2 5] Sf3jai2 2M2 4c7)C^m^(CiBiS 
a=0. 5nm*a^^l^Ci%«a<!:^S»»ttU^ 

[0 00 1 ] 
[0 00 2 ] 

[0003] c(o<t^^iiM^>^i;x h-.^ fjc 
*c*#<i»u ^Sb«oSIM<fc, *»»b3^iw«c«c 

iiife^ Sttfi<!:«i^<DIBIOft/|^t 

[0 0 0 4] fCt. $&£<DW*'mmj>*zsx.v b-^y 
FCC*^r«, - 2 3 9 8 6-^^. 1ti^6 

-7 1 8 8 2^*S^»#Pi?9 - 2 6 7 4 7 9^ 

[0 00 5 ] »IB^F6-7 1 8 82-^^CCi2^ 



ZsZisx. v h^v F&&S. SfcCC. #WlO-4'4 
4 0 6^&#SK:faiS3ftTl>£J:5KSO I (Silicon 
on I nsulator) S^^C^T^bM ( A 

[0006] 

[ooo7] -rfrfr^ h ^yji 

0, ^^x^<bi/»;a>ji<tcDK^{i^ (Si 

[0 0 0 8] £tc. CVD^X^y^i'tM? 

[0 00 9] $htc. IMLtcX'itfC^'jziymfoicm 
h^^>^^^^^s^gst6^wti«^6r, bib 

[0010] *$m\t±MB<DWimtcm*>Xl3:Zti1th<D 
[0011] 



(5) *Sg§ 2002-96480 

8 

rbsi wc jbek $n/c*7^is^';3>- 
co^tgg p m^tm&nm <t wm*m*itmr.u 

io [0012] m^z<om*K%zmmtm^v f<ds 

»*ffitt. «; =3 >*«©>i-«K: (B«S P3S w« 
fi£«Jl«:*fi!frSXSi, C©»-i/l/3>*«<DK» 

iSS PS[^««l£»JBaffiK:»fiS § ftfcf yn>- tfu 

20 iS*r;P* 'J SSttx » f > ^ l taMR*»iSt 4 
[0013] S»*a3©»W«:«S«iBttai^9 F<D» 

a*s«. *-s> r ;=i>*«(OM'fli«:KaiKPS[^«» 

■©B«w*»*r*xai, ««aPM^«%*£»M 
30 ^^r-sxe<b, >y^>*«©isasp^tt 

[0014] nim4<D^icm%»m±m^y f<dsj 

ni> *«ttp^«»jafcffi*w«**x«t, m 

-> ij n >S«©ii?«Kpgg^iaiSfcfcBi^i^s:^ 

[ooi5] m?ms<Dmwicmz&mtm^i> f©« 

50 B»B«r*fiW*XS<fc. CO»— >»;3>»«©Kia 



9 

pmwmtnmz&irfitm-is y n >mm t 

C 0 0 1 6 ] »*16 0»9i«:ff-5W»ti:ffi^5F F©« 

hx 7 ?>«»4f4Ili, B«aP3M««ffiR 

x * > ^r^^-T 5lSi, PaTMhttKB 
£ro§T£XH<t, > y n >IWI?MPMW 

S^rttx * * > * U r WWEt*fiW *XH cb 

[0017] mjmiv&wKmzmmftm^y f©« 

JS&ffiW. ^yn>IS«©>i-«CCW«ffiPS^«« 

sawi^fiS-rsxgi, c©^-s/'j3>s«o»a 
a p st^«*tfc»»*ffi© * mmfu v ^ > - # p 

a£»js«fficc«at«*^"r-5xgi, nr— >yn>s 

tifc»-^ »; 33 >jt«£yjk& u **ttx f>^tt 

mum*, m-ts y * ^mm>ftmtcmm& pmwm 

n ps* 
«»aaft»a® $ n/c-> y n>-^n * 

IBUtilii, COW«S[PSE*«»a»»*® 
SJtfc*-S/ y a >S^i <fc 9 

[0019] »*19a>^9iCC«*iRSfttHi^9 F<DB 

sr— 2/y =i>K«©>tffli«cB«aPM*««! 

f£f^£7&&TSX*I±, C<0»— : ^Ua>XCOKfll 
gPf^«t^»^XM-)X7 hx^> 
^TBSa-r-SXSi. ^y3>*«<OWifflSPSE* 



(6) 2002-96480 

10 

y3>g«i^itss^ccj:0te*)'&fci±^xsi, m 

y y s*ttx ? * > ^ or jww*»«r * xn i 

[0020] gft$g l ooAHfcff&iiHHtffl'V' * f<d 
sastttt. »-^»;3>»«©^«9«:i»«ttPsa*« 

♦BWktSUSaM©^^ ^ 'J3> -#n>££JI 

iB«KPM*««rt£fftffi*W»-r^X^i 4 C<DW«K 

PM*w«jffifws*fficciftaw^«fiS-r-5x@i. 

> y n «i%RW?fc» - 2/ y n 

S^jcjc^teo^to-a-sxsi. 
K>&t>#*>tifcn— is y a >i«%r;i/* y fc&ttx 

20 [0 0 2 1 ] i»5j8E l l OAH(cff6ffittUh » F© 
i5BS*»«. 'J 3>lfio)ttlK:XilKPS7K 

igg P S*M4MOMI«ffl4D^ 7^1Hx^x^ 
>^»St«lfii, ««KPSL*KftSIUI*ffiK: 
Bf&ZtitcisV n>-^p>^^^r^x^ hx^> 

C<DK«KPia*tt«atfe«^ffi«cjftHW* 
Mtsigi, 0— ->y 3>s«i«a*is:wfc»n 

> y n >Sii ^iSftS^K: <t OfeO ^to^^X^i , 
30 3>*«i»o^t>-&6n3^*— s^y3>s« 

[0 02 2 ] en 6 ommmzj&ifrr -sx^^^o*^ 

5 n m*«itft^C i3Wff* OC^. 
[0 0 2 3 ] ±SE©S«W©*iBttffl^9 FOB 

40 mfimtcto^Xi*. Kt(H[PSt*K«!3&«iS«ltt7Ko>r 

[0024] *^«:^^>^?Sitfcai^ » F», ^iftfe^r 

so [002 5] ccr, iatt«oiBS«:*fipjr 



11 

fmzmrztumtfj&i&ztixi.** c t&m*. uc>„ 

[0 0 26 ] *^WCC«S jRfflllitffl^ v Ktt, < <h 
[0028] 

BK* FO^MMtMAHH. ■ 2 F<D^XjMR 
»^(c»9«KftKDH«H. H4»R^9 F©« 
[0 0 2 9] C©-f >*£?x ^ h-\? f«, 

»* 3 -t , 1 tfcttfcflG**^ * * -/ 

[0 0 3 0] ifcssss i cctt. ^> y (*— s/ y 

[0 03 1 ] C<D&3SS& 1 tt. ^> 'J 3>*«{cSft« 

*kc*»s^ y =i> ( c<o«ii<D»«w:— &ct soii 



(7) ^20 02-96480 
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[0 03 2 ] *fc, OOW^til 5i» 

[0 03 3] C<D«fc5«:**&IR2 0*gS[W*C<b6Cj:o 
[0 034]J/c, C(DiKj^J®2 0^^{bJ8i'r^C 

0. 5nmJ^T) CftKJ:g. 1 £ 

[0 03 5] HaS1£3 CU*. KkHfb^ <5fT«<* 2 m 

3 nmCOW&l 4^MOt, C<&Bfl»l 4<DJ6H«:S 
IWR1 OCC^fje (0. 2 m mi l/Xl**£ 0 )^t?^ 

[0036] c<Dmmmm3<Dmmi 5±iasmsmi 

30 Oi^MCC^^rmai b&mm? 2><DZPj±TZ>tc 
*>. WU*0. 1 Mmi?Ot/y3>M^bM^i*©«ijR 

ass 3 co^#ifi £ -ess* u r w&mto®m t mm^ 
pan 5 b^Min^o 

[0 03 7] C(DliSfi3(J, iifti3a»l 

4^»b^3r>^i-oaw<iitt«:W-r-s*a«»*^^ 

40 CVD, ^^f©fl«a«r^Sg©l9SCCfiW 

[0 03 8] CCm ^il5H S";z3>g&tcx 
*?;>^T7£fi£L/d££0. 4 amOiyi® 1 4rtK:^{b 
^3?>^:0. 1 MmCD/f £tc;^?£0^J&LT(,>£ o 

itauci:^^ saMRi ooaai siwiaj-r 
6i^«^ii2 0 (ccximmttmrcBzo. u 

m) ^SltliS. l//c#ot ( CCD^^ FCCM^r 
50 aSS«3<hSa^«l L*t££httWD*f+v7 
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1 6(Dg2 mw&i otmmi stvmwmm) 

0. 2 wmi^^n^. 

[0039] ^-lt. cn^i-^'^^tr*^ 

mmmmw (m&m) uwmmjtzwoxmmmzzn 
i t^m^mm^m^m^^f set 

CO 04 0] ^X;l^4{3\ JI350um©^f 

>l/^'(SUS)»r, >Xjb5, *&ftffiSiSB7 
^ > ^ ?^-s^^ 6 A > * £«|&-r £ tc&<D 

CO 04 1 ] t<D^>^*^ b-^y Ftefc^rte, m 
@1 5 CC|gm5lHJgS te<£-?-C0Va>6 3 

^-r^<b, #j£T£^$fr«l OOTffittW^xfift 

cc-r^i, ^«io«S7ct^ 0 c*ucj:9, fluffs 

[0042] c<om&. msm i o&mmmtmm i 7 
mi 7 tmTzwtm&xmwwzwhz^m&temm 

[0 04 3] &«: % ^WRK-'&ZA^VV'x-v F 

(a) , (b) t (c) &»£Ttt»R*S&6*t:Tig 
^tl^. $-T, ^5 (a) CC^cfc^CC, Mlil 
WBbfc. J¥3 2 00 x/m, ISfiffiSfffi (1 1 0) <E>H 

—> a 3 1 ©juste, mzimmamic* o 
*n> <b> mstjsmu. c<omc 

BBrj^fciWBfflRft, ^>&A&. B a 0 3 £ 
[0 04 4] COmte&fotlsX. 1150*0(0,: 

n, = o . 25: on mr$<oim&7 oteteju. e 

-W2E20/cm 3 , ^$2. 0um-ClE20 
/cm 3 T&^iigB F-^vy=i>JB4 1 #£16 
*K B F — 7is 'J3>14 1 <D&1&<Df&. ^ U n 

>g«3 1 (D^®CCJ¥2#£j 1 5 0 nm©^^14 
3 MIMES ft. #^XJ14 3iH5t^B F-^j/i;a> 
J14 1 i(D^JC«il$^3 Onm0^'j3>-^O> 
^£ (SiB«~ ») If 4 2 Wfcf&^fco fc*. 
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[0 04 5] -ecr, i^b (b) K^r<£5ct, u 

U3>««3 l©^/^XiB4 3*®«^6, CMP (C 
heraical-MechaNical-POlishiNg) ^rtfor, 

[0 0 4 6 3 C(DCMPr«, H 6 <C7j*-r 3f56 

io ©f— -7>\,mmxwfcthw&7v- f 5 1 ccs^fcw 
»;n>g^3 1 ) ©w*rsffl*wso*nffi*rffo« 

[0 04 7] CCW X7'J-i54iltna>f^ 

2 cc « ^> »; 13 > ^ x / > comwm muox dem 1^ e> n ^> v 7 

20 YQoM&rtv F^^C^c 

[0048] -eu-c, wmmtz. 

f-^HS/^t 9 Ti^^= 3 8 rpm/2 5 rpm, 
W^ttUE= 1 0 0 g/cm 2 

6 5 nm/min.'C^o/c) 

[0 04 9] C©CMPiC<t0^7X14 3S^l 
4 2B3E£CCttS3*v raoiM (iifZ^B F- 
30 7'is V 3 >M 4 1 (D^®) J3«*tt*^Uft:. W^M 

ffl»AOTI«tt«IB^7*^«[ <Ra = 0. 17nm) 

[0 0 5 0] ^UT. MttYUR (teHK) 20^:900 
•C"C^x-y hM^b (O^xescarv H^xgsccm) CC 
J:0*T*S#n> K-^V3>H4 l_htcM^5 0 0 
ATWU/c, CCD«SW«2 0aitt i HT-fSl^a 

l77^7f(Ra = 0. 19nm) mti/c. 

40 [0051] ^c^-c, 05(c) ccTn-r^ ^ tc. m—i<> 

»;n>S«3 lO^JgB F-^>ya>l4 1 ^ 

Si 5#^$nfcmz:>";n>s^3 2*r£rt>H^;b 

[005 2 ] ccom^xmte. 'X<D±te*)X!&2> 9 m 
— % ^H^»;n>S®3 1 . 3 2%mW6&fc iffiWttM 

oovicxvmL, mm&. *-2/»j3>i«3 i tm 

Zl^';3>S^3 2>&mta-^fe#. ^#ffl^*tCT9 

so oo'c-2^raiwMaa«:ff^. ^co^m, #-/F3W* 
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[0 05 3] *<D&. mm (d) $C^T 
t>2tltcmfa3 3(D^->"j3>Sfe3 1 tCLP-CV 

fti4 4 ^mzm 6 Rimaprnm s ft zcomm^ * - > 
X>^T£. 

[0 0 5 4} ^CC^r. li33^KOH(10wt/ 

%) ^'Ja>^^>^§ ( ^yn 

j£# 1 E 2 Vcm 3 t*^^{ClU^i^>^ 

l 0coJi2«^x>^mftte43t>T2 Mm± 
0. 0 5 aniA^tl^, 

[0 0 5 5 ] C<D£ 5 CC % MftffiPM^ftffitMft. # 

^TsWBlv^ y > - #n >^i^cmp & ^©wb 

[0 0 5 6] #tfc % *£B!J§K:«*-f >*i*x 9 F^* F 
CDWB#&Q» 2 XM0BJBfC-3l>TH 7 * £>#M oria 
£<T imM^i«, 07 (a) cc*< 

J5fffi*(l 10) 0»-S/';3>lS3 KDft-MiC. WX 

tmmam (wm»m. -rt>aA^ mmam 

ft<?TC6Ai>. ) K«fcD#a> (B) fcittW*. 
[0 057] 3c(r»T, IbJEI ( b ) Cc^-T J: 5 Cc k ^ 
!/=OS«3 1*7 ?! (HF : 1 0%) Ttag^Kl 5 
#IBI«LT;tf^;*JB4 3£B^0ft:«* 1^0 (c) CC^ 
"TJ:^«:CMP*tTor^ll4 2*55^Cc»4-r-5. 
ft*5, CC-CCDCMPti, ^7'J-jSilt3D^^l/ 
^> U *K O H"<-X<D* *Jft-f 

ten : 1 0CC#*Ofcfc©*flH\ £/c> 0F£B$fffl£ 

fc. ctifcj:*), 9FSffil2> JDi-Tiai*SH»««:<tO«IS 

(Ra = 0. 1 7nm) 

[0 05 8 ] *t/C. IBJH (d) CCa??£9fC, ftuifb 
■ 2 0*9 0 0W>X9 F»b (0,^X6 scan. H, 
#X9sccm) «C<fc0i«aK#O>F-^y3>JB4 1 
±(CJW5 0 0Ar»«Ofc. fRR{bM2 Oilffitt. M 

«Kil77^Xi(Ra = 0. 19nm) W 

[0 059] *<D«. STl am»jB&mi (H5 ( c ) 



(9) ^2002 -96 480 

#JH) (Clt, »— vy=i>fflK3 1©*«SB F-:/ 
^yn>jg4 1 6, 5^JSK$>lft:m3^U=J> 
*«3 2*fSl3&>^^*>-&ra!S«^bfc. ^o^m. * 

[ooeoixK, mimm&mtmmms u) . 

(e) #M) CCbrSlbKl 0*»SOfc. CtiCc<fc 

K»lil64'lfc. C*ltt#^*B4 3*S£CC|fc£OTa» 
10 6CMP*J6Ufcfc»^^B4 3©RB«JBW. 

5^JB4 3©WS^7^4 t *gt»-C#Sfc«)'r**. C 
CD*£^ ienfil 0<DH3tt^x^jffiF*i{C*5Cir 2 Mm 
±0. 0 7 iim<D'i5y*tc99jLZC£tfi-C&t£. 
[0 06 1] C©<fc5«c, K«KPS^*S£»«. # 

>^^H * c M P ft £<DflWffi-cw»lSfcST Stitcj; 
0, ?UIKft«WEW$<DtHP. MSWtt<DH3SS## 

[0 0 6 2 ] *«c % ##BB<D» 3 £gt&f£13Ccft£ -Y > * 

20 * F^^.F<D»a*S«:-3urig8«:fe#JSLrK 
s&t*. &I0M«&hs<c. i&s (a) 

ffi < i i o ) of-^ y 3 >s«3 i cwtflBK, 

ifrfem*. ) tci: o > ( b ) *taw-s. 

[0 06 3] act»r , 1^0 ( b ) cc^-r ^ (c, 5/ 

1/=»>3I«3 1 (HF : 1 0%) 5 

#ra«UT;tf^*»4 3*»*Lfc». PIH (c) ^ 

30 S^, TSO'C-lhr^^nciW^ 

■4 2tt»ft (B.Oiac^S iO.) Sti, 7?K*« 
JKTX7^>^|»SpJffiftaMt»4 5tftS. . 
[0 0 64] fCt t Hi (d) CCtjx-TJ:^^, -7^^ 
(HF : 10%) *S«fcTBMW4 5£»*U i^li 
KB F-^>y=i>JH4 l^rSfflS^ XMKB F-^ 
Vy ^>i!4 l©*ffi*6CMP*ffo-CW«0fc. ft 
te, CMP<0*mi»2|tJ^lSTRWbyfc(3C><tP«T 

40 B'(Ra = 0. 1 7 nm) 49 6ti3te. 

[0 06 5] ^IT, (e) (c^-TJr^Cc. ^®{t 
^2 0*9 OOWx? FKYb (O,^ 6 scan. H 2 
3^X9 scan) CC<k 0K«KsKP> a>14 1 

±{CiH5 0 0AtMt/c RftmbM2 0aM». H 

ifi*}WzmW?y*xm (Ra = 0. 19nm) 

coo66] *<o&^m\mmt&±wm 05 (c) 

50 ^'Jn>14 1i, Iil5»^nfc^>'j3> 
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[00 6 7]^ mimm&mtmm (is <d) . 

(e)#i){cUiiS10^Mlfc c 
MM&l 0<Dm ZlZV^^WftlCte^XZ Mm± 0. 0 

[006 8 ] C<D<fc5fc:, 0-i/>;3>iS(Dil?|gP 

**>^-Cl&£U vyrF>-^n>^ji^{tL .10 

[0 06 9] *|gifi5»4j|»f]8(C^'/>d' 
v h-^y FCDl^*^KOl>T0 9£fc#ffSOT^ 

wrs. *r. a9 (a) cc^-r <fc 5*c, wm«ffiOTg 

l/fc, f^OO/im, USSffi^ffi (110) <Dfg— 

»/ ^ >** 3 1 (DKmic. mmusciffic* o * a 

rat^if, 1 1 5 0°C- lWF7>f^ £ 
&ICD5 0#ra*g»;tf*£f* (^aSJtO, :N a = 20 
0. 25: l)<0F5-f^ 1 0«m&tfK«> 
(7 5 0X%3^/ivin/CKjB) *BttWX£# (#* 
SSSJtO, :N 2 = 1 : 0) ©B^iim, 
W2E2 0/cm\ *£S2. 0<imtlE20/ 

i^aSSB F-^'j3>J84 l±(c/5S*i»2 0 0 nm 

©#^*»4 3 ©##^53*1-5.' 

'[0070] C<D£#, #7*J|4 3 ±StfU3&Lfc^£ 

XflEBItO, :N a = 1 : 0) © F^^^*«CWbSti, 30 

[0071] yc^-c. iHiii ( b ) sc^r <£ ^ 

y=3>S^3 1 &7vM (HF : 1 0%) tK^CC 1 5 
#r*8^LT;tfv;*/I4 3£|&£U i^i£gB F-^y 
3>I4i«BS^ »33W»«iFia«:cr, K 

figgB F-^>'J=OJS4 l©^®^6CMP^r?foT 
WSOfc. fcfc; CMPO^tJ02^^T^O 

^M^^^^fil <Ra = 0. 17nm)^6n/c, 40 
[0 07 2] *ur,'HBI (c) cc^rj:^ MlBMb 

M2 0£9 OOWx? bMit (0 2 #*6sccnu H, 
#X9scan) «c <fc 0 jfiRftS*Kn > K-^>'J3>I4 1 
i(CiI5 0 0ArMUc o ISiibi2 0^iH M 

ifiZimt&Wm^y**®. (Ra = 0. 19nai')m 

[oo73]^ mimsmmtmm <H5 <c) 

• j/»j3»84ii. Iii5»^tifc^yp> so 



11120 02-96480 
18 

St 3 2 ^^c^bifrtg^u/c. «€-©IS* t 

[0 07 4] ^«C, ^lIQfe^l^i^ (0 5 (d) . 
(e).#Ig) «COrfi»«l 0*»JSL;A:. C<D»SI % 

9Mm(D^77^i^Ci^t^/c e 131 
[0 0 7 5 ] c <D <fc 5 «c, IS— > 'J =i >g&£>#6PJK:ii; 

n>^#jas«fbu c^7xi^>';3>-^d 

>^Jl£MbLfcja£$x-, hx^>^r»4L 
r v K«JtPfflW*l»iH*W»r«Ci«:J:»), ft 

[007 6]««c, *^W©»5IB56B«S«:«-5Y>i' 
i?^ „ F®H&j8^CC-?t»?H 1 0£#Ml,Ti& 
H£T£ 0 'ST. «H*fiJBS8<fcI^acc. ©10 (a) CCth 
r<=fc^^, TO«B5FB0fc t J1^2 0 0 Atm, ifgHoi 
( 1 10) o»-j/';a>lS3 lOK-fiijic, «*. 

usfi4nfe& (mtnttts. >ft>aA^, Knits 
ft^-cfcAi*. ) ic^otf'co (B) $a«rs. 
[0 0 7 7 ] #civr % ma, ( h ) tt^r <t ^ ^ 

»J3>Ii3 1 ^7 (HF : 1 0%) 1 5 

OTiLt*7^I4 3^l/c^ PJ!H (c) CCij^ 
rJ:^^c, ^feJt4 2*f»Wbrs (MRS0f*SKW 
mm. 7 5 0'C-lhrO^)nci{Cj;D, ^ 
J14 2«M{b (B 2 0,S<>*S i O,) yvWLA3& 

i$tx ^ ^ > ^JttJttMfbS 4 5i&s.- 

[0 0 7 8] -£CT\ ^0 (d) ^ri:5«:, HF : 
HNO a : H 2 OCD^tbl : 1 00 : 1 0 0 01^1 
5CT»bJa4 5*»*b, »«aBF-^'j3>14 

mmmxmmvtc<otmmv$>^ cntcj:*), 

fi»S^3&SnJtt«c*ffi7 7*^ffl (Ra= 0. 17n 
m) ^6tx/c„ 

[0079]*lt. H9(e) CC^r J: ^ {C, fRKfb 
I20^:900'Cr^x», h&it (O a #X6sccnk H 2 
^9sccm) (Cj;i3i^?gS^n> F-^>»; n>J14 1 

±ccm^5 o o AxBi&vtc. mmitm2 ommx m 

[0 08 0 ] MHaUKtt^RHR (05 (c) 

#M)icL,r. 2^y=i>»«3 KDKtSfiB F-^ 
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183 2 ^^C^bttiSS^Lfc, ZOmMs tf* 

[oo8i] *«c, & i lae&tt^a (as < d ) . 

(e) CCUrfiMSl O^BfiEOfc. C<DJ6*. 

tiSfl^l OCDH^«^x^MrtCci5l^T2 Mm± 0. 0 
9 u m<DJi =y V *{C«J 7L Z> C t #T £ fc. 

[0 08 2 ] CO<£5Kl x m— >S^<Di^ii^P 

**->^-c»5SU >";^>-^n>^ji^^x^ h 10 

[0 0 8 3 ] ftfc, »Hi20«±2lfcJ:^(CiBffi 
^f(Ra = 0. 19nm)^#6ti4Ci*»BLfc 
(Ra = 0'. 5 nm&T) *«»6tittC><fc 5 

[0 084] ^gmtCffiZJ^tris* y Y^v F 20 

<D3l2^«?gfflMcoi>Tia 1 1 1 2 «10tR 

^m^mmmmm. mi 2bri^^ poxss^a 
* f iiv ±iam i ^tt^rsttfi i o commmmmit . 

loos**] ctoxsicmmmmitmmm&stvm 30 

^3P^r^fcH2 0£&5fc*r*C£K:J;^ ;>c*~-x 
[0 08 6] -&5mi<C%Z>JZs>7is* F^? F 

<9j?!3!!ife^tcoi>Tia 1 3 sona 1 4^#nt^ 

[0 087] C(D»1<D^ * FCDi^ Jg3&« 1 0 

[0 0 8 8] ^CT. C©»3jBB^j»(0^>^^* v 
F^ ? K*Wgr**«W«:^4IBfi**6«:oc>ria l so 
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is* vh^v F (««ttiB^* F) ©Sffi*a0*6H 

15(a). (b) i (c) JBU»4-CJrtlR«<te>* 
xm^LX^^> 0 £*T, 5 (a) tc^-jr^tc, H 
ffi^ffiiteUfc* I$20 0Mm k USSffi^ffl ( 1 1 

0) o»-2/>j3->aS3 KDJMWc, 
*£K<£9#C2> (B) fcffiBrTS. fcfc, 

[0 08 9 ] 1150-0(0,: 
N, = 0. 25 : 1) Timr$<Dfflk*ftr>td&^ t* 
-W2E20/cm 3 « i$2. 0umTlE20 
/cm 3 r*S»«BB K-^'J3>14 1^16 
ft, ^?&^B F-^'> V3>14 l©^JSR©fig. VJa 
>S^3 KDSiKCf^^l 5 0nm(D^7^i4 

3 3&J»S3ti, 2f^*J14 3<hi^i^B F-^5/ya> 
H4 1 iO|ffl(CBJ|$**30nmOi/»j3>-#P> 
^(SiB 4 .JI4 2«?n/c 0 fc*5. #7* 

JB4 2«7^M**e?RTI^*'C#-r. ^14 2 

&m*&&7jku. c<D^m4 2#mmutcwx\zm.m 
. [0090] -ect, mm (b) k^t^cc, ^ 

'Jn>li3 10^7Xl4 3iI»e», CMP (C 
hemical-MechaNicaVPOlishiNq) £rtf-?T\ 
^!4 3M^4 2^{C^t^ fl CCDCMP 

o^r^u m m i> tcm 6 xmm vitt mmx $> % . 

[0 09 1 ] CG5CMPK:j:^^^XM4 3^^il 

4 2^^«C»*Sn. if^ftCOW^® (HfzSfiB F — 

^■J3>i4 icd^m) &m*&z^Ltc 0 mm® 

J!K^lffl*MSWCCJ:«ja!l3£U^B*, iS#^S<Di[ 
S«^#pJtgfc*ffi^7**ffi (Ra = 0. 17nm) 

[0 09 2 ] ;x^-c, ii5 (c ) «:^T<t^«:, 
m@i 5^^$n/cmz:>";^>s^3 2«am»« 

i-^^^fifeGUO. 2mnicM3ntC^ e 
[0 09 3 ] CO^IKt ^(0i*JDr*^, m 
- ^-VJ=i>S«31, 32*«£Ka^k («S^ii© 
«Mk****fl«Jt2 : lt?tg^U/c^CD) r % ^1 
OOXICcr^L. >«J3>S«3 149 

y n >s« 3 2 zmtzttO:, ^Ifi^«:r9 

0 0*C-2^M^S^f ; 5o *©*S*. F#«t 

[0 0 9 4] *<m.. (HIS (d) ^^<fc-5CC. fcO^ 
t>2tittm&3 3<Dm— ^»;n>g^3 1 tCLP-CV 
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itm4 4 tcjsaEM 6 Rv&mmm s * £<omm^ 

[0 09 5] *ir*r. IS3 3^KOH (10wt/ 

#o>K-^y:a>*6&£fi«MKl 0*5^$n 10 
6 0 ^Sfrfel 0<DJI£te^x>^Mf*9Ct:bi>T2 Mm± 
0. UmO^^^t^iCi^^^ ^ C 

0. OSumAoTC^o 

[0 09 6] C<D«fc5lC, »«SPS[W«JS£»». # 
7^1^^ »; n > - tfta >^il^ CMP& £ <DW^ 

JS^tfisjffiK:**. 20 
[0 09 7 ] 9tfc % h-^y F 

( a ) {tirrf J: ^Ili^MW^b/c. 2 00// 
m, iSJlE^ft (110) <&»-2xy:3>£*3 l©Jf 

[0098] ( b > tc^-r j: 5 «c, m— is 

'J3>1S3 1 £7 ?■ (HF : 1 0%) *jBSKCC 1 5 30 

»iit^7xi4 3^o/ci, mm (c) ^ 

*T J: *> VC C M P £fir o T^£Ji 4 2 £S££JC »5&-T £ . 
CCTOCMPli, X^'J-aiUtao-f^ 

m) tmmicLxiTitc. ante*?), wmmt, 

aJtfetemm^yZxB (Ra= 0. 17nm)£f#6*i 

/Co 40 

[0 09 9 ] -e-LT. 3l6ISt»&«£E» (® 1 5 

(c) #55) KUT. 0— >l>n>S1£3 KDiffalgB 

[0 100] ^Ctc, 06H^^t^« (0 1 5 

(d) . (e) #jb> icLxMM&i ozmmutc. C 

ttit<fcO. CMPXHK5F0Ci2SU/c^7^ + «± 0. 0 

2 /imtcffilxe>n/c 0 C*ate;tf^XJi4 3£^:£Ca&^ 50 
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R0 C ^/^XJ14 3<DW^7^^^^'C^S/ci6T^> 
2/im±0. 0 7 *im<D^y*te^;i£C<h#5T£ 
[0101] tSXfc^CC W»fiPStW«4£«a. # 
>^£J1 ^rCMP^c <!f Off ®SrCWfil$3c*r -S C t fc J: 

[0102] ^{C, *^OS8|8ft»lB«c«-5-/>^ 

(a) GC^T^K:, MiW^U/c, H£2 00 /z 
m> SSffi^ffi (110) (0*-2/»;3>Ifi3 1<D# 

^IM^cc'tfelc^ ) fc:J:*3tfn> (B) Srfttfc 

[0103] . PIS ( b ) tor^\fc 5tc, 
'«;=i>*R3 1£7 (HF-: 10%)*««K:15 
^BI«l/t^^)B4 3^*0^ 0H(c)lc^ 

H^. TSO'C-lhrO^nci^l M 
«4 2«M^b (B.CRC^S i 0,) ^n, 7?i*» 
^i^> ^1^* RJtt&HM t» 4 5 i ft * . 
[0 104] ^cr, [m^ (d) ^-ri:^^:, 

(HF : 1 0%) *«jR«CTK{k®4 5*»*U X« 
^B F-^>»;a>14 l^afflS-B:. lilB 
S"J=i>Ji4 KOiiJ&^CMP^fot^bfc. ^ 
CMP(D^mimiiBm7||^^'CI^B^l,/c(Dil5j 

irs>^ 9 cncc^o. m^tiw®mxc& 

^i(Ra = 0. 17nm) ^6tl/c 0 
[0105] -eUT. ^6IUfe^ii^« (SI 5 

(c)#jDtcbT, s-^y3>i«3i©*attB 
»;=3>^«3 2*iDi^i^t>iit:i:s^L/c. -eco^ 

[0106] ^cc. m6H^^<bim« (H 1 5 

<d)\ (e) #M) CCOr^lftSl 0*JgfiSl/fc. c 
<0^, Sttfil 0<D/?^«^x^®rttc*Jl>T2Mm 
±0. OTMm^^^ + ^^Ci^rt/c, 

[0107] CCOJ: ^ cc. m—is y =3 >IWillP 
-Si^F»»ittWi*ffi«:»j«$n/fc^^«*^X9 hx 

CMPf<DW»SrifB»StS c i«c <fc 0, BS 
[0 108]^, *IBWO»9 3Hfe»«CC«S-/>^ 



(13) 

23 

im-r^> 0 ^r, mis (a) K^-r^tc, wmmm 

mmiyfc. f?200 Mm, JSSffifrffi (1 10)0* 

>*S£»"TS<b#, 1 1 5 0-C- l^CDK^-T^© 
F*9, &*ZJ©5 0^W*»R^X^» (^StaitO, :N 
, = 0. 2 5: l)OF7^, »91 OftHftaWS 
* (7 5 0°CiM3"C/min.-C^?S) (# 
^SfeSJtO, :N 2 = 1 : 0) ©F^:/±L/c*gJ|l, f 
-W2E2 0/cm\ ^$2. 0wmriE2O 10 
/cm 3 r*£»«ffiB F-^'j3>Jg4 1^6 
ft, BBSKB F-^2/yn>JB4 l±«c»8#fi2 0 0 
nm©;*7^*J14 3 ©<£#?£/& 3 ft £ e 

[0 109] C©£#, tf^zm4 3±l l Cffii&L,tc<&& 
«OTB«3*ifcl»©«, ^^tti»ga©»*#X£tt 

(tfXlftgJrtO, :N,= 1 : 0 > © F^ -f :*WclMfcS- 
ft, #^*J14 3©— ^<b&£fctfrC&£., 

[oiio] #cc>r, i5is ( b ) cc^-r <fc ^ &c, m— 

»j3>Ig3U7-?i(HF: 1 0 1 5 

OTI0t^7Xl4 34i4l, iligB F-^'J 20 

T, iirt&^B F-^U=i>JB4 1©^!®#>£>CMP£ 
ft^XWmistc, ?Scfc. CMPCD^«fulH^6||5fe^ 

asr»9!Lfc©£igar*s. cft*c<fc9, vmrbb* 

&&*im%;mw ; 7 7*xm (Ra = 0. 17nm)£f# 
6ft?c„ 

[0 1 1 1 ] *l/C. »6Htt^l^l (015 

(c) #M) scut, *->y3>s«3 1©1B«KB 

[oii2] ;jac, memtmmtmm (mi s 

<d) , (e) #»S) fcUTfittSl O^r^O/Co C 
©*££> its l o ©if? tt^ x^irttcisc^r 2 m m 

±0. OgMm^^^^^xiCi^tt/c. & 

Jc^xcD^ft^^$^i;^/ca?>r^ai^^e>ft 40 

[0 113] C©<fc5CC, 0-; *sV*>m&<DKMicn 

co i i4] ^ec, #^©igi o^^^tc^^>r> 
*5?*» h-v-y F©i^;£?£K:o(,>-c0i 9^iMl so 
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rttiu-r*. £r, ana^aec, si 9 (a) cc^r 

fi(no) ©»— 3 >s«3 1 ©>mbk:. m« 

£-c*>m>. ) tc^o^n> (B) *aa»rs. 
[0115] #t>-c, ims (b) cc^-rj:^tc v sr— v 

Uni>S^3 l©#^*J14 3a®#>6CMP£tToT 

(Ra = 0. 17nm)^i6M. 
[0 116] ^LT, 019 (c) (C7j**\fc5ic, f&- 
^'j3>lS3 1©^77^143i, lil5^M? 

[0117] #$C, *6H56^<i^ia (015- 
(d) , (e) #M) {CUTfittSl 0£»J5Sl//c. C 
©l£m, ^Ifr^l 0©iP£te^x^Mptyc:tel>T2 Mm 
±0. 0 5Mm^7'n(C»x.^Cimt /c/c 

u ? (MMfo 1 0 in® 1 5 tomvvm) 

©^* *j V ^tefocomMfrW)^ x^i^t 0 . 2 ± 0 . 
0 1 /imt*o/c©^l, C©^^g£r«0. 2 ± 
0. 0 4MmiA^<^o/c o 

[0 118] C©<fc5Ct, #— : S"J:3>£«©W«KP 

Bait. m-^y=i>g«<!:i[«s^*r^ci{c<t 

[0119] ^oc N *«?s©»i m«egSI«:«4-f> 
»wr*. *-r.. frse«iw^3»i^ia«:. 020 

(a) SC^Tcfc^K:. Mffi^MfF^L/c. 2 0 0 m 
m, Jg^M^T& (110) S/y=i>aS«3 l©it 

WSlUfcttfe^rfcai^ ) tc<fc0^n> (B) fcitR 

[0 12 0] *t»"C, HH (b) Kw-rJ:5fc,-*-^ 
U=3>*«3 9 HI (HF : 1 0%) Tfc^Kl 5 

OTSL/t^7^I4 3^l^ HH0 (c) tc?n 

mm. 7 5 0-C- 1 h r(D^)t6C<!:tC<t0 4 
JB4 2»Kfb (B.OjRCXS i O,) 3ft, 7 9itWS 
iti v ^>^»*pJffi^:BMb®4 5 
[0121] ^cr, 00 (d) CC^-TJ:^CC, HF : 
HNO, : H a 0©#8Ktl : 1 0 0 : 1 0 
KT|(kl4 5B*U l»«BtBF-^5/»;3>J14 
l^Slli^^ M^B F-7*i/«Ja>I4 1©^®^ 
6CMP^fotIgL./c 0 ^*5, CMP©^#«l?rlS 
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m>wm&^immsLmmv y < r a = o . 17 

nm) 

[0122]flt, S&6I9&&&£|5MS (£3 1 5 

(c) #ffg)tcur, *—>y3>a«3 icowasB 

[0123] yc«C, ^6HJeg^il^«l (©1 5 

(d) , (e) #M> «:0rjg«i«l 0*»fiSC/c. C 
<D^, WiMfo 1 0 GD/1£ fcW x;\®f*3K:*5(,>T 2 Mm 
±0. 0 9 um0^77tCTi6CiWt/c o 

CO 12 4] C<D«fc$«:, *— ^U3>*«<DWifflSP 

[0125] *§&m<vm 1 2l»Sg(C^^, -Y > 20 

iiir, cmpk^t, xt'>x. ut* 

>x^>^£te, [5lKLTt>£^x^(ci?rM<E>x^ 
F : HNO3 : H 2 0<DfflIJ:tl : 1 0 0 : 1 0 0®&£ 

= 0. 5 0nmm^Co 4<Z>fl6©XSR^fflj!6* 

[0126] #IMJ!CC«£-r>*^* »^ h-^? F 

©»»#&<Bf& 1 3^if^oi>ri2 i;&tfB2 2 

««>#«Ri/rH9i-r&. sr. 121 (a) fc^-rj^ 

(110) ©SI— 2/U3>»«6 KDttffllfc, WittfH 
f^fSK£fc:J:DtfP> (B) SOftS 40 

&tt» C<OftKlBBr,«:fllC^«HStftffi, ^*>£ 

[0 12 7] COlMftilt, 1150-0(0,: 
N, = 0. 25: 1) ri^|ffl©a«^ffo3fc*S*, f 
-£MB*S1. 5E20/cm 8 , ^$2. 0 /imTl E 
2 0/cm 5 -C^^WaSB F-V^»J=i>JS7 1 
6*v MUtB F-:/5"J ^>M7 KO»gwm* 5"J 
a>m&6 1 (DMItmiCMSifilh 150n m<D;tf ^XJt 
7 3OTfc053*i, #7*S7 3.±IfifJIKB F-^'ja 50 
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>JI7 1 3 0nmCD^Ur3>-^P 

>^fe (SiB«~ .) J17 2j&ggfi£i*ftfc. 
[0 128] ^Ct?, PIS (b) ^-TJ:^^, 
•J3>iS6 1*7 vWt (HF : 10%) Tk^tc 1 5 

■T <fc 5 y =2 6 1 XI 7 3 «J^P 

[0 129] COCMPm ^^y-^iUtba- 
A Ff 'J #£^rt£ KOH^-XCDX^ y 
>7kKTl : 2K^0fcfc(D£/f!C>*: o ##tf£<7>*7 
"lJHK©pHfflttl 0. £/c v 9Mt'<?F 

^u^y n>^x^<D^®^^ite/gt,>£ft&v^ h 

[0 13 0] ft*. X^'J-tttftWStmcc^orWB 
IClOOO/SUBAt^^ J:9^tM*&££/h 

2 < -rscctt^ y 3 > ^i^<Daiieax^tt±ro" 

^Ml^n^V7 hSOME'*? F (V-Ulsti 

L£5C<fc^$*lft(r>t&£tt, i£iClC 1 00 0/S 
UBA^nJ^±CC^C^>f^CC>^*^ K4«ffit5Ci 

[0131] -eur, M^itt, 

rpnv 

W£ME = 1 0 Og/cm 2 

WS«WI= 2# (ftfc, WSU- Hi#7XWC*$t»T 
4 5 n m/min .~C#> o fc) 

tit, iF^ffo/cf^, ^x^(7)8fc^£?f^/Co 
[0 13 2] C«?t«, X^7mM(l%HFf 

? V ->&£i¥iZbZ>%:t>, ftgktfo (contamination) 
S<hLr«£^7K (H 3 S0 4 : H,0 2 : :H,0= 1 : 
1 : 5tt&^7>*-TMym& (NH,OH : H 
2 0 : H,0=1 : 1 : 5) ££Cftfcfe*.<5C ttm 

[0 13 3] CCDiFi^MXCCctO, (S i B 4 ^ .) 
B7 2*WB»*-r*i*CC. «Wtt©Wl^i^JK^3&J 

(Ra = 0. 2nm:Mx'J7«10wm 
□) ) SrfcoBt&ai&B F-^»;3>B7 l3&s»6ti 

[0 13 4] CCDiF^jEJOX-C^, ^17 2i€©TO 
XtflSB F-T^y n>JB7 lO-^^MilfcC 

t^htfi, mm&& F-^y n>n7 i<dw^^ 
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toMctt. WBS*/h3< (^il<(i20 00AOT 
Wit -5. CCttt, 1K«KB F-^»;=J>JB7 1 
(iOm li9 0 0AriBfiO«6ot«± 
15 0AaTr*ofc. 

[0 13 5] 02 2 (a) Ct^iT J: 5 Ct, Dflgi5l 

4\.W1 5&££^L/t0:^>»;n>S^6 2£, 

-^i/ya>Ji7 l£^M<tLTitg3g^L/c. Aft 
KJCC«, I-S^ri/'j3>Ifi6K 6 2«lji 10 
* («W±ifflMI^***tt»Jt2 : 1 "Cffl^ ^1 

oo'o (crft&u mm. i-Mi^>'j3>i 
m^ccr 9oo-c-i i«nAiR«s«m^ ms^6 

fc. 

[0136] mm ( b ) (C7j*T«fc 5 (C, /Pi* 5 

0 0 nm<0^— *sV ^>iS^6 1 1 0 0 MmJT 

W^CCj:oriE<-r^ 0 -£CO^ (c) tCTrrTcfc^ 20 
CC, ^l/tlt6 3^LP-CVDK:J:0V»j3 

F£n-FU »*. ^{cJ:0etai^6^ai>r>^ 

^r^'jr3>s^6 2©tii 5 tutmmw* 

h-T^o -€-Or. |53H (d) K^J:^ Vt>XY<D 

mascots v^>mitmi 4& K^-rx**K:j:ox* 

[0137] -etr, 1^63^KOH (lOwtW 30 

E2 0/cm 3 T*£^£te^OfcB5x^>^#X F 
^ (X7fI/-h^i«{CT^?)) 0, f5]^ ( e) Cc 

SWS1 0RCMUM6^*JS$ti-5. 
[0138] C©<fc^CCOr^?ti/c^«lSl 0<DJ¥ 
^«^7x^®rtCc4oC^r 2 /im + 0. 1 nm^77l : 

X@$lCjgBLfc^7y* (±0. 0 1 5/im).^ 40 

[0 139] *&mtc»ZJ>9i?** Y^v F 

tsmws. nr. mm (a) cct^-j^cc, »i 

flMl/fc, mZSOOjim. *£JIM:£{i (1 10)<Df 
[0 1 4 0 ] C<Dg##;tfc<bLT, 1150"C(O,: 

n, = o. 25 : i) ri«Fiai©ie»*tfoyt«*, e 

-*|flbPl. 5 E2 0/cm 3 % ' 0 u'mtl E 50 
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2 0/cm 3 r^^i^ti^B F-:*Vy 3>«7 1 

^>SS6 KDmmmK.mZ&ftl 5 0 nnKDtf^XJi 
7 3«^?n, ^^®7 3<tK«SB K-^>i;±j 
>H7. 1 £©IBIK:ttJP3jWfc3 0 nm(D->»; n>-^fn 

(SiB,-. s ) ©7 2OT&J5fc**lfc. 
[0141] fCt, PIS (b ) 4C7jVr<fc5«:* m—i > 

»;=j>^6 i^7->i(hf : 10%) *mmic 1 5 
^Bi»it^7xi7 3%R4t)ita, mm <c) 

8 0 0 P C (0,27*6 scan, H^XOscan) 60^ 

-en-itc. c<omtx.mu 800 "c«r©fitarwt-r 
fix **>^©* h y^ttaKHHi*#ilS#P>«flE 

rt*, 1 2 00A©WfcjB75^^s*iyfc. ^cr, 

C(DMfbJR7 5*7 9» (HF : 1 0 % ) *jg«_"CI»* 
I, III? (Ra = 0. 9nm :iJEx»;7ttl O u 

So 

[0 142] C<D££r«:, *y£S«tt©WC*SSS^ 

jcj;o^S7 2sa c ^i©^^Lri^^^ mm 

SKOH^^^7'J- (SEMI-SPRESE25: ^ D n D^S) 
£fl£^>*CCTl : lCC#^Uftk<D£ffil>fc 0 
[0 143] CCTWifflgfetttt, ^©ii5 0iUfc o 
"T--7)Vm^/* * V Tt&&= 3 8 rpm/2 5 rpm 
WBJWE= 1 2 5 ff/cm* 

WSI^ra= 1# (>3:4c5, W^U- HJ7 0nm/min,t 
*o/c„ ) 

[0144] c<mmmn^c * d . «att©wi*e:«« 

m,^M*fl$(Ra = 0. 15nm:»'JrttlO 

mhO)) ^^BagBF-^>'j3>i7 i*^e>n 

fc 0 ttc. iF^S (<t0f^) «7 0 0 

Atl?fmWl^ir$>^^, flFfgS<Dtf6o£tt^ 
x^Mrttcr ± 5 0 AJ^TC&o/c. 
[0 14 5] fe4T, mi 3HiEiil5li (02 2# 

[0146], 

[0147] ±ia^&H$fe^CC*5l>r{3^:^^: 
F(CMffil/^7?^HJL/c 
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'[0 148] 

xmv^mm&<Dmmm&&j>?c±&vzx. ^ f 

[oi49] <D§zwic&z>&mtu^ v post 
mtmicxtn*. ^-^';3>sfi©BagPS^«ft io 

tfeDHJSS^SrfrS c £#r#r . v F©ftttl»k« 

[0150] f9*S3 O^^Ccff ^jRatta-^ ? F©» 
Jt»ffi«: cfc titf , *- 2/ y a >S«©K«K P SPFKtt 

^ya>-#n>^^£BHkOTBWkB*r 
i^lfHi^t^t, F©-^? F©i«BKfk£ 

[0151] 19*^4 <mwtc&2>mm*tm^v F©« 

W^»B*J&S L tztfihfr-DZs U =i > - #a >^ 
B«rlM k L , C©i&-5> »; n >Sfi©*aiKPSW» 
JtfJftB^ffiCC^fiSS *i/c#5 XBR<>':> #a > 

££B£IHfcLfcB*:*x? hx^>^iUf 

awaccfittwps*siitai"c#si<fcfe 30 

[0 1.5 2] »«3S5©^WCC«-5»j»tttjB^^ F©« 

mrmc <t »-j/'ja >s«©^as p 

mz £w«rc*T, ^» F©w««k«riati. iit^ 

[0153] »«®6©«W«:«-5?R?anttHi^?r f©« 
3g*«6«:j:ti«, »-^»;n->a«©W«KPSt^FI€«! 40 
«»B*ffiCC«liR$tiA:^^^B«:^x^ hx-^>^ 

«c&9 % ^?F©**»t%Bh, F©«Htt#|fij 
[0154] Sn^BT^W^-SjBjBttttJ^tsr F©« 

3£SrffiK:«kntf, ^y3>^©w»fiP3!:wBi 
ajjuMHfc^jasn^^xBa^vuav-^n*/ 
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F©JB5fffk«:B*i % ®Btt36*I"I±r*iifc«:, *&t§ 

[0155] ««318©*W«C«*jR«ttffl^f F©« 

ffliiKM^n/c^^xi^^x^ hx^>^ 
TllBcU !/ya>-#n>4*|*||»lttl l 

r % ^* F©J*ffl£ffc«H*i. F©fi»tt^joi±r 

[0156] tt3ra9©MB<cff*«attffi^? F©8 

mxmc £ sr— ^ y ? >sft©Bftsg psw*b» 

ItKBafflWi^fiSSti^^^B^^x^ hx^>^ 

r»su ^y:a>-#D>^£B£BMkOTiWkB£ 
l*£U W«KPS|^*B«J4£»ffi*W»b, W*ffl«c|ft 

£±&cc, W«»tt©iSSS^*tf5c<!:3Wr*r. ^ 

? F©^* F©WaSfk«:igti, fti£1£;W±T£<b£ 

[0 15 7] i»*3Sl 0©MIK:«S«»litU^9 F© 
«S*ffifc<fcti«, »— >>ja>»«©>4-ffl9{cii5attP' 
g?fflH£IUi £»fi5 0 & # 6 *>o*x y n > - # n >^ 
^B^WkO. C©#— ^V3>««©i«iaKPSE^« 

>^*B*lWfcLfcB*^x^ hx^>yr^Lt 

w^u, wBfficcifttwai^^fiS-rs©^. i^matcfiift 
±-?zt i*>«c. i/a-Ftcw-rswattt 

[0158] 1 1 ©^«C«S«»ttffl^ ^ F© 

«J6*ffi«:j:ntf, fr— ^V3>s«©w«kpse^« 
«fffi»B*pK:^$ti/c^^B*^x^ n^>, 

W*ffi«c|6»BI«:»SWS© 
K«SBtt©fi«S^WteK:&0. ^7F©i«afS 
^k^Sti. ^» F©mfflfi^ioi±-rs<bi^K:, 

[0159] C h6©«|K«fiWSIg«SWI6 

il^Ha = 0. 5nm%MiL%OC&^ KlMM 
ttr©««»63WS»«:e: So 
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[0160] ctibvgamommttm^v kcows* 

ll^Cir, »BgX*I#§SK:&* 0 £/c, $F^X*I 

[0162] c cr, s»«©««cc»i$i-r sMccttp 

[0163] *IM9Ccff SSWtttH^ * FfcJ:*itf. 4> 
ft< <fcfcSt»&«£RC:fA^^«£SC£Rfcrfc»^ 

[0 164] CCT\ iJ>^< ife^n^»/3>^«<fccr> 
J^^MMBt^*i*ftTC>SC<fc"C, &^i&g<D<£ 

*. MMR©3SBDffl;S#tRa = 0. 5nm*i 

[S®<Dfif#3fe»9i] 

[H 1 ] *»^«c«S«»itta's F £ tr©fll^ 40 

f©» 1 mkfcmzfjkTfrMmwmm 

0 
0 

[S3] P'v* K<DJB««S^*JfiJK:?B^«aWBraD» 
9!0 

[04] m^v h'<D&tt&mttfotcr85mjmmm& 
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*J30 

[®5] *»9i{c«s^ v Yvmmsmom 1 

©RWCC«-r-5RWH 

[08] F<DSftfrffi©SI3gSJB&« 

[09] *!HB<CiK&^9 FOSjg*ffi<D»43UB^J8 

[0101 #»JB«:«S^? F<Dl8g*ffi©SI5 HSfe» 

[011] 4^«(c«S««id:tti^7 FiltOilS 
-/>^y^Kf F©»2HJfe^^TSaft«S^ 

[012]^^ F©Stt«a#*|fiI«:t&5«SC«Kffi 

[013] F<h UTOMSffl 

[0 1 4 ] m^v F©s»«js^*i^«:?s^«a;»Kffi 

MOTS 

[015] *9H3(cff&^? Fotessaomeisjtjg 

[016] *«^CC»S^^"F©«iS*ffi©»7 36»« 
[017] *»W«cffS^^ F©«3S;S&©Jf!8 IIJBB 
[018] *9H§<c«£'V9 F©IBB*iS©»93aai» 
[019] *§mtC%Z>^v FCD«a*a©»l OIGtt 
[02 0] F<D«»*tt©*l lUtt- 

[02 1 ] tfHNCff^? FflE«a*ffi<D*i 3H5I 

[02 2] 02 icc«<xs<DRw«c«-r-5»^ig 

[02 3] 2WfeWC«5^* F<0«BiJS»©»l 4H* 
1HHMEC. 3-SHME. 

;k 10-«MR, 15 -SC. 2 0 -MM 

R 3L 6 1-I->'j3>IS t 3 2, 6 
^>';n>S« v 4 1, 7 1 -Illlt#D> F-^i/'ja 
>», 4 2, 7 2-><j3>-*a>^| 4 4 3, 7 
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